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Introduction: Kinking and endoﬁbrosis of the iliac arteries are uncommon and poorly recognized
conditions affecting young endurance athletes. Deformation or progressive stenosis of the iliac artery
may reduce blood ﬂow to the lower limb and adversely affect performance. The aim of this review was to
examine the existing literature relating to these ﬂow-limiting phenomena and identify a clear, unifying
strategy for the assessment and management of affected patients.
Methods: A systematic review of the literature was performed. A comprehensive search was carried out
using Medline, Embase and The Cochrane Database to identify relevant articles published between 1950
and 2011 (last search date 05/08/2011). This search (and additional bibliography review) identiﬁed 413
articles, of which 367 were excluded. 46 articles were then studied in detail. Methodological quality of
studies was assessed according to Scottish Intercollegiate Guideline Network criteria.
Results: Focussed history and examination can successfully identify nearly 80% of patients with iliac ﬂow
limitation. However, both provocative exercise tests and detailed imaging are also necessary to identify
those in need of intervention and establish most appropriate treatment. Provocative exercise tests and
duplex imaging can then be used to conﬁrm ﬂow limitation before detailed assessment of abnormal
anatomy with MRA and DSA. These multiple imaging modalities are necessary to identify those most
likely to beneﬁt from surgery and clarify whether each patient should undergo arterial release, vessel
shortening, endoﬁbrosectomy or interposition grafting.
Conclusion: We present a systematic review of the literature together with a proposed algorithm for
diagnosis and management of these iliac ﬂow limitations in endurance athletes.
 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction than two decades ago.1,2 Despite having no cardiovascular riskThe onset of exercise-induced leg pain in young, otherwise
healthy individuals can often lead to diagnostic difﬁculty, particu-
larly when those affected are high-performance athletes. Since this
group is inevitably exposed to the risk of physical injury during
training or competition, such symptoms are commonly attributed
to musculoskeletal causes. It is often only when symptoms fail to
resolve despite standard physiotherapy regimens that other
potential causes are sought.
The possibility that these symptoms could be caused by non-
atherosclerotic arterial insufﬁciency was ﬁrst suggested moretions on this paper, please go
þ44 07733205706; fax: þ44
).
ciety for Vascular Surgery. Publishefactors, highly trained young athletes were found to have localized
ﬂow limitation within the iliac arteries. Vessel stenosis was often
caused by endoﬁbrosis e a pathological thickening of the vessel
intima e or kinking of the iliac artery. However, the number of
clearly identiﬁed cases of endoﬁbrosis or iliac kinking has remained
relatively low e possibly as a result of low awareness of these
conditions or due to discrepancies in diagnostic criteria and difﬁ-
culties in establishing a reliable, reproducible imaging modality.
This review assesses the existing literature on endoﬁbrosis and
kinking of the iliac arteries and presents evidence for the aetiology,
diagnosis and management of these conditions.Methods
A comprehensive literature search was performed using Med-
line, Embase, and The Cochrane Database to identify relevantd by Elsevier Ltd. All rights reserved.
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2011). The following search string was used:
[(“endoﬁbrosis” OR “ﬁbrosis” OR “arteriopathy” OR “syndrome”
OR “ﬂow”).ti,ab OR exp FIBROSIS/ AND (“iliac art*” OR “iliac”).ti,ab OR
ILIAC ARTERY/] AND [(athlet* OR runn* OR sport* OR cycl* OR
bicycl*).ti,ab OR exp SPORTS/ OR exp RUNNING/ OR EXP ATHLETICS/]
Published studies describing pathology, symptoms, diagnosis or
management of iliac endoﬁbrosis or iliac artery kinking were
considered for inclusion. References of the included papers were
also searched to identify any other articles of relevance. No language
restriction was made. Review articles were subsequently excluded.
Due to the nature of the papers included there was insufﬁcient
homogeneous data to allow meta-analysis. A systematic review was
therefore undertaken following PRISMA guidelines.3 The quality of
diagnostic and observational studies was assessed using the QUADAS
andSTROBEtools4,5andevidencegradedaccordingtoSIGNguidelines:6SIGN levels of evidence
1þþ High quality meta-analyses, systematic reviews of RCTs or
RCTs with a very low risk of bias
1þ Well-conducted meta-analyses, systematic reviews, or
RCTs with a low risk of bias
1 Meta-analyses, systematic reviews, or RCTs with a high
risk of biasFigure 1. PRISMA ﬂow diagram represen2þþ High quality systematic reviews of case control or cohort
studies or high quality case control or cohort studies with
a very low risk of confounding or bias and a high proba-
bility that the relationship is causal.
2þ Well conducted case control or cohort studies with a low
risk of confounding or bias and a moderate probability
that the relationship is causal
2 Case control or cohort studies with a high risk of con-
founding or bias and a signiﬁcant risk that the relationship
is not causal
3 Non-analytic studies, e.g. case reports, case series
4 Expert opinion.
Results
407 articles were identiﬁed using the above search strategy.
Title/abstract review resulted in the exclusion of 339 articles that
were not directly relevant. Detailed assessment of the remaining
studies resulted in exclusion of a further 28. Review of bibliogra-
phies identiﬁed another 6 relevant studies for inclusion. 46 articles
were therefore assessed in detail (Fig. 1). Though many of these
were case reports or very small case series, 17 studies evaluated
more than 5 symptomatic limbs (Table 1).
Quality assessment demonstrated that the majority of these
studies offer only intermediate-level evidence, with none of the
diagnostic studies achieving a SIGN level greater than 2þ.6 Inting the performed literature search.
Table 1
Characteristics of all studies assessing >5 affected limbs.
Author Year Study type No. of
symptomatic
athletes (limbs)
No of
asymptomatic
athletes (limbs)
Focus of study SIGN level
of evidence
Reference
Pathology
Schep 2002 Case-control 43(46) 16(32) Iliac length 2þ 20
Schepa 2001 Case-control 42(46) 16(32) Iliac length 2þ 38
Schep 2001 Case-control 50(55) 16(32) Iliac kinking 2þ 39
Vink 2008 Case-control 18(19) 22(42)a Histology 2þþ 27
Diagnosis
Schep 2002 Diagnostic 80(92) 35(70) History/physical exam 2þ 24
Abraham 2001 Diagnostic 78() 108(216) ABPI 2þ 50
Bruneau 2009 Diagnostic 22(22) 53(53) ABPI 2 47
Le Faucher 2006 Diagnostic 42(42) 42(84) ABPI 2þ 48
Fernandez-Garcia 2002 Diagnostic 7(7) 11(22) ABPI 2 49
Taylor 2001 Diagnostic 12 20 ABPI 2þ 51
Alimia 2004 Diagnostic 13(14) 0 USS/DSA 2þ 23
Schep 2002 Diagnostic 80(92) 0 ABPI/USS 2þ 28
Abraham 1993 Diagnostic 48(84) 0 USS 2þ 52
Schepa 2001 Diagnostic 42(46) 16(32) MRA 2 38
Treatment
Alimia 2004 Case series 13(14) 0 Surgical repair 3 23
Feugier 2004 Case series 3334(350) 0 Histology/Surgical repair 3 22
Rousselet 1990 Case series 23(24) 0 Surgical repair 3 25
Schep 2002 Case series 24(24) 0 Surgical repair 3 45
Smith 2008 Case series 4(6) 0 Surgical repair 3 37
a Studies falling into more than one category (e.g. Diagnosis and Treatment), where level of evidence given relates to that particular aspect of the study.
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the fact that there is no recognized gold standard of imaging against
which diagnostic tests could be evaluated. Therefore, formal
conﬁrmation of the diagnosis (i.e. abnormal anatomy or histology)
was only possible in those patients who tested positive on initial
investigation and went on to have intervention. The reported
diagnostic accuracy of each investigation should therefore be
viewed with some caution.
All therapeutic studies were case series rather than randomized
control trials and therefore achieved only level 3 evidence.6 In each
case details of follow-up were very limited, with clinical improve-
ment generally used as the mainmarker of operative success rather
than objective improvement in test results (such as ABPI). Where
investigations were repeated postoperatively, there was no
evidence that these tests were performed by independent
observers. Nonetheless, the authors acknowledged the limitations
of their studies and offer their ﬁndings as highly indicative rather
than deﬁnitive.
Epidemiology
Endoﬁbrosis and iliac artery kinking have most often been
described in competitive cyclists, ranging from serious amateur to
professional. Nonetheless, endoﬁbrosis has also been demonstrated
in a number of other sports people, including speed skaters,
endurance runners, triathletes, rugby players, soccer players, cross
country skiers and body builders.7e21
Examining the characteristics of the presenting cyclists revealed
that each had cycled an average of 120,000 km (range
30,000e500,000 km) prior to onset of symptoms. However,
intensity of training may be at least as important as overall distance
cycled in the genesis of the lesion, with those affected having cycled
more than 14,500e20,000 km per year on average.22,23
The overall prevalence of iliac ﬂow limitation amongst athletes
has generally been hard to assess, since the condition may often go
unrecognized and data remains sparse. However, Schep et al. have
derived indirect evidence from their studies estimating prevalence
to be as high as 10e20% amongst elite performance athletes.24 Most
reports describe patients of less than 40 yrs of age, but it has beenidentiﬁed in subjects as old as 61.22 The condition is also signiﬁ-
cantly more common in men, with, with less than 12% of affected
individuals being female.20,22 However, the apparently strong
association with male gender may be somewhat biased by the
greater number of men taking part in these endurance sports.
Morphology
Iliac artery endoﬁbrosis is a pathological process characterized
by thickening of the vessel intima, causing progressive stenosis of
the lumen and impaired ﬂow. Whilst the lesion is invariably
asymmetrical, it may be distributed circumferentially or eccentri-
cally and possess multiple or single laminae. In some cases, the
lesion may also be complicated by overlying thrombus, dissection,
or atherosclerotic inﬁltration.25 The arterial endothelium, media
and adventitia are generally unaffected,1,25 but there have been
isolated reports of associatedmedial and adventitial hypertrophy.26
In a series of 23 symptomatic cyclists who underwent operative
intervention, stenoses were due to subendothelial accumulation of
loose connective tissue containing variable amounts of collagen,
elastin and smooth muscle cells.25 Histology is quite distinct from
atherosclerosis, where collagen ﬁbres are densely packed and
calciﬁcation is typically widespread.27 Similarly patients with
endoﬁbrosis very rarely have any familial predisposition to
cardiovascular disease.28
Endoﬁbrosis has also been shown to be quite distinct from other
stenotic conditions affecting young people. Though some
morphological similarities to ﬁbromuscular dysplasia (FMD) have
been noted, FMD predominantly affects medial or adventitial layers
and typically involves the renal or extracranial cerebrovascular
arteries.29 It is also clearly different from cystic adventitial disease,
in which mucoid cysts develop within the adventitial layer of an
artery (typically the popliteal), increasing adventitial thickness and
compromising ﬂow.30
In more than 90% of patients, endoﬁbrosis affects the external
iliac artery with the ﬁbrotic segment generally measuring 2e6 cm
in length.1,25,31 In a small number of cases it has also been found to
involve common iliac, common femoral or profunda femoris
arteries.32 It is frequently unilateral in distribution, with the left
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have found lesions to be only slightly more common on the left
(52%),22 whilst others have suggested there may be a unilateral, left
sided lesion in 80e90% of patients.23,24 Less than 15% of patients
have been found to have bilateral ﬂow-limitation at time of
presentation.24,33,34
Aetiology
Many factors have been implicated in the development of
endoﬁbrosis and iliac kinking. Whilst the majority of these are local
mechanical factors, systemic factors may also be involved.
Position of cyclists
Since these conditions are most often observed in cyclists and
speed skaters, it has been suggested that physical position may
contribute to their development. The extreme aerodynamic posi-
tion used by these athletes results in hyperﬂexion at the hip joint
and may cause repetitive stretching and deformation of the iliac
arteries, stimulating endoﬁbrotic change.19
Psoas hypertrophy
Stretching of the external iliac artery may be exacerbated by
psoas muscle hypertrophy and cyclists with the condition have
been found to have asymmetrical thigh development, with thigh
circumference up to 3 cm greater on the affected side.1,31 Hyper-
trophy of the psoas muscle may increase any arterial displacement
caused by hyperﬂexion of the hip,19 thereby exacerbating kinking
and increasing the mechanical stresses that may lead to
endoﬁbrosis.
Arterial ﬁxation
Repetitive hyperﬂexion of the hip may also cause mechanical
trauma to the iliac vessels because of their anatomical ﬁxation to
surrounding tissues. Fascia and collateral branches immobilize the
iliofemoral vessels as they pass beneath the inguinal ligament and
muscular branches to psoas major (which may enlarge or even
become duplicated with intensive muscle activity) tether the
central portion of the vessel.35,36 This prevents the external iliac
artery from moving freely during exercise, making kinking more
acute and increasing the traumatic impact of hyperﬂexion.
Excessive vessel length
Whilst arterial kinking may be caused by ﬁxation of the external
iliac artery, it may also be the result of abnormally long iliac vessels.
Elongation of the artery makes the vessel more tortuous and
increases the likelihood of kinking during hip ﬂexion and several
studies have demonstrated a subgroup of symptomatic cyclists that
have elongated external iliac arteries.1,25 In this subgroup, the ratio
of vessel length to straight-line distance of the external iliac artery
was shown to be greater than 1.25.20 These patients are unlikely to
beneﬁt from simple surgical release as kinking is caused by excess
arterial length rather than ﬁxation.
Most authors suggest that kinking stimulates endoﬁbrosis,
which in turn leads to arterial stenosis.37 However, arterial kinking
may be sufﬁcient to cause a ‘functional’ ﬂow restriction even when
no signiﬁcant endoﬁbrotic lesion is apparent.38 This is supported by
Schep et al., who demonstrated that peak systolic velocities were
signiﬁcantly increased with manoeuvres that provoked kinking.39
Whilst there may be a link between vessel length and ﬂow
limitation, clear causation is hard to establish. Though the iliacarteries were signiﬁcantly longer in symptomatic legs than in the
reference legs (which were a control group of completely symptom
free athletes), there was no signiﬁcant difference in vessel length
between the symptomatic and asymptomatic legs of any one
patient. This suggests that whilst excess vessel length may be
contributory in ﬂow limitation, it may not be sufﬁcient to cause
symptoms in the absence of other pathology.
Systemic factors
In addition to the local factors already mentioned, some inves-
tigators have suggested that metabolic abnormalities may also be
contributory. Feugier and Chevalier22 found that nearly 75% of
patients who had undergone intervention for symptomatic endo-
ﬁbrosis displayed abnormalities in methionine metabolism
following systemic doses of sulphur amino acids. Whilst this may
be an incidental association rather than a predisposing factor, it
undoubtedly warrants further investigation. Metabolic factors have
also been implicated by Wright et al., who demonstrated endo-
thelial dysfunction in a diabetic marathon runner, with subsequent
reduction inﬂow-mediated arterial dilatation during exercise.40 It is
therefore conceivable that other metabolic disorders could cause
functional stenoses in non-diabetic patients by inhibiting
endothelium-dependent dilatation.
Unusually high cardiac output or intense physical activity may
also cause local endothelial dysfunction, though the evidence for
this is not strong.41e44
Symptoms
Symptoms are generally unilateral and only become apparent at
near-maximal exercise. Cramp is the predominant symptom and
most report a feeling of swelling, numbness or pain that develops in
the calf, thigh or buttock on the affected side. Some patients also
experience weakness in the affected limb and exercise is often
halted by the onset of numbness or paralysis. However, the history
may be very non-speciﬁc, leading to signiﬁcant delay in diagnosis.
Delays of 12e41 months have been described between onset of
symptoms and correct diagnosis. Paradoxically, this delay is greater
in professionals than in amateur athletes.23,45
Physical examination is often unremarkable at rest and all pul-
ses are typically present. A bruit may be audible over the iliac or
femoral vessels, especially after exercise46 or with the hip in
ﬂexion.1 Only very rarely do patients present with signs and
symptoms of subacute ischaemia in the affected limb. This is
usually the result of localized dissection and arterial occlusion.22,34
Diagnosis
The diagnostic difﬁculty caused by relatively non-speciﬁc
symptoms has previously led to the development of a detailed
questionnaire to help discriminate vascular from non-vascular
causes of leg pain in these athletes.24 This questionnaire assesses
such areas as duration of symptoms, number of affected muscle
groups and risk factors for vascular disease. In terms of patients’
symptoms, the ﬁndings most likely to indicate a vascular cause
were: ‘disappearance of complaints in less than ﬁve minutes’ and
‘involvement of more than three muscle areas’. Combining these
two points of history with examination ﬁndings of an audible
femoral bruit (with the hip in extension) and normal back mobility
allowed correct identiﬁcation of a vascular cause in 79% of cases24,28
(Table 2).
When history and examination are not suggestive of a vascular
cause, musculoskeletal causes of the patients symptoms must be
Table 2
Diagnostic accuracy of speciﬁc history and examination.
Test variable Sensitivity Speciﬁcity Positive
predictive value
Negative
predictive value
Number of
legs tested
Positive
likelihood ratio
Negative
likelihood ratio
SIGN level
of evidence
Reference
Disappearance of complaint in
less than 5 min of rest
0.97 0.29 0.70 0.83 92 1.36 0.10 2þ 28
Symptoms in >3 muscles (out of 6) 0.48 0.94 0.93 0.52 92 8.0 0.55 2þ 28
Femoral bruit (with hip ﬂexed) 0.76 0.65 0.79 0.61 92 2.17 0.37 2þ 28
Femoral bruit (with hip extended) 0.36 0.94 0.91 0.46 92 6 0.68 2þ 28
Normal back mobility 0.91 0.29 0.69 0.67 92 1.28 0.31 2þ 28
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and neurological assessment.
Sensitivity and speciﬁcity of physical examination can be
signiﬁcantly improved with a variety of provocative exercise tests
(Table 3). Resting ankle-brachial pressure index (ABPI) is usually
normal, but when ABPI is recorded within 5 min of ceasing
maximal exercise, it may be possible to identify endoﬁbrotic ﬂow-
limitation with sensitivity and speciﬁcity of up to 100%.47e50 In
patients with unilateral symptoms, a between-leg ABPI difference
of more than 0.18 during the ﬁrst minute of recovery is also
a signiﬁcant indicator of an arterial lesion.51 For those with subtle
ﬂow limitations (possibly caused by kinking rather than endoﬁb-
rosis) a between-leg difference of more than 23 mmHg in absolute
ankle systolic blood pressure can identify a vascular pathology with
a sensitivity of 73% and speciﬁcity of 95%.24,28 These results were
achieved by measuring the ABPI with the hips ﬂexed. Overall,
though the precise diagnostic values were different in these various
studies, there is clear agreement that ABPI measurement can be
highly discriminatory when performed in the early post-exercise
period.
Whilst Doppler waveforms are often found to be normal other
than at extremes of exercise,16 ultrasound measurement of peak
systolic velocity (PSV) may be highly sensitive for endoﬁbrotic
stenosis. On examining symptomatic limbs, Schep et al. found PSV
to be signiﬁcantly higher than in reference limbs. This difference
was accentuated by provocative manoeuvres such as hip ﬂexion,
isometric psoas contraction or exercise and allowed identiﬁcation
of both arterial kinking and intravascular lesions.28,39
In addition to allowing Doppler assessment of ﬂow abnormali-
ties, duplex ultrasonography can also be used to assess the
anatomical abnormalities of endoﬁbrosis or kinking (Table 4). In the
study by Schep et al., ultrasonography identiﬁed external iliac
kinking in 39% of symptomatic limbs compared to 11% in asymp-
tomatic limbs and 0% in the reference group. Furthermore, intra-
vascular lesions were identiﬁed in 61% of symptomatic legs
compared to only 9% in asymptomatic legs. Ultimately, after
assessing each patient in ﬂexion, extension, with psoas contractionTable 3
Diagnostic accuracy of post-exercise ankle pressures.
Test variable Sensitivity Speciﬁcity
Inter-ankle pressure difference >23 mmHg
at 1 min after exercise (hips ﬂexed)
0.73 0.95
Reduced ABPI in affected leg during ﬁrst 5 min
post-exercise (patient reclining)
1.0 1.0
ABPI <0.66 at 1 min after max exercise (patient recumbent) 0.90 0.86
ABPI <0.48 1 min after max exercise (patient supine) 0.80 1.0
Inter-ankle pressure difference >22 mmHg during
ﬁrst 4 min after exercise (patient supine)
0.93 0.93
Inter-ankle ABPI difference >0.1 during
ﬁrst 4 min after exercise (patient supine)
0.90 0.95
Inter-ankle ABPI difference >0.18 1 min
after exercise (patient supine)
e eand after exercise, duplex ultrasonographywas able to demonstrate
abnormalities (i.e. kinks or intravascular lesions) in the external
iliac artery in 82% of symptomatic legs.39 Others have used post-
operative histology to conﬁrm that Duplex ultrasound can identify
intravascular lesions with a sensitivity of 86%.52 However, this high
level of sensitivity is dependent upon having a preselected patient
population with relatively severe disease. Therefore, in studies that
included patients with less marked symptoms (such as those of
Schep et al.), sensitivity was much lower.24
Furthermore, ultrasound is highly user dependent andmay have
very poor sensitivity for common iliac artery kinking, since this
usually occurs in a frontal plane, rendering it very hard to visualize
with conventional ultrasound.38
Given the limitations of ultrasonography, static magnetic reso-
nance angiography (MRA), is also of use in the assessment of iliac
ﬂow limitation.38,53 This must be performed with the hips ﬂexed as
even elongated iliac arteries do not tend to kink with the hip in
extension. In addition to identifying arterial kinks not seen with
ultrasound, MRA allows detailed assessment of iliac artery length
and clariﬁes which patients may beneﬁt from surgical shortening of
the artery. Nonetheless, MRA should still be used in conjunction
with Duplex ultrasound since movement artefact can be substan-
tial: Altered ﬂow-dynamics within a kinked vessel cause signiﬁcant
beat-to-beat movement of the artery itself, reducing MRA sensi-
tivity for intravascular lesions.
Whilst static digital subtraction angiography (DSA) has long
been considered the gold standard for assessment of ﬂow-limiting
atherosclerosis, its role in imaging endoﬁbrotic lesions has been
less clear. Whilst its reported accuracy in identifying intravascular
lesions has varied widely,23,26 it may be useful in identifying both
number and position of any tethering psoas arteries and helping to
guide treatment.23 It is most helpful when images are captured in
multiple planes and with the hip in both ﬂexion and extension. It
also allows measurement of the pressure gradient across any
segment of artery thought to be endoﬁbrotic. This pressure
gradient may be absent at rest but become quite signiﬁcant
following intra-arterial administration of vasodilators.46,54,55 ThisPositive
predictive value
Negative
predictive value
Number of
limbs tested
SIGN level
of evidence
Reference
0.97 0.61 92 2þ 28
e e 36 2 49
e e 156 2þ 50
e e 75 2 47
0.93 0.93 168 2þ 48
0.95 0.90 168 2þ 48
e e e 2þ 51
Table 4
Diagnostic accuracy of speciﬁc imaging modalities.
Test variable Sensitivity Speciﬁcity Number of
limbs tested
SIGN level
of evidence
Reference
Detection of intra-arterial lesion
USS identiﬁcation of stenosis 0.84 (EIA)
0.13 (CIA)
e (EIA)
0.67 (CIA)
14 2þ 23
Doppler USS identiﬁcation of intra-arterial lesion 0.61 0.93 92 2þ 28
USS identiﬁcation of endoﬁbrosis 0.78 0.80 84 2þ 52
DSA identiﬁcation of stenosis 0.54 (EIA)
0.13 (CIA)
e (EIA)
1.0 (CIA)
14 2þ 23
Detection of arterial elongation/kinking
USS identiﬁcation of elongated external iliac artery 0.86 0.57 14 2þ 23
Doppler USS to identify kinking 0.39 1.0 92 2þ 28
DSA identiﬁcation of elongated external iliac artery 0.57 1.0 14 2þ 23
MRA identiﬁcation of kinking (with hip ﬂexed) e (EIA)
e (CIA)
0.91 (EIA)
0.97 (CIA)
78 2þ 38
Detection of arterial tethering
USS identiﬁcation of tethering psoas artery 0.86 0.57 14 2þ 23
DSA identiﬁcation of tethering psoas artery 0.57 1.0 14 2þ 23
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prodilatory stimuli in the normal way and suggests it may cause
ﬂow limitation during exercise. Additionally, use of an intra-arterial
catheter may potentially allow diagnostic sampling of the sus-
pected lesion using a directional atherectomy device, though this is
not generally recommended practice.46
CT-angiography has occasionally been used and is likely to
become increasingly popular as CT resolution and 3D reconstruc-
tion improve. Though it exposes the patient to additional radiation
and has not yet been shown to offer any diagnostic advantage over
MRA combinedwith Duplex ultrasonography,32,34 it may ultimately
be more accessible in most vascular units.
Only one paper described using intravascular ultrasound (IVUS)
in the assessment of endoﬁbrosis. Lomis et al. report a single case in
which a signiﬁcant endoﬁbrotic lesion was readily identiﬁed by
IVUS despite being almost indiscernible with DSA or measurement
of trans-lesional pressure gradient.56 This lesion was responsible
for a 30% reduction in luminal diameter compared to the contra-
lateral side and highlights the poor sensitivity of these other
investigations. Similarly, some groups have reported that near
infrared spectroscopy (NIRS) may be useful in identifying patients
with decreased thigh muscle perfusion and that reduced power in
the affected limb (as measured by cycle ergometer crank-torque)
may be a useful surrogate for poor iliac ﬂow.57,58 Larger, prospec-
tive studies are undoubtedly needed to establish the true efﬁcacy of
all of these techniques.
Management
Since the development of endoﬁbrosis and kinking is clearly
multifactorial, management may involve a variety of treatment
modalities depending on the relative contribution of each of these
factors (Fig. 2).
Conservative measures should be used prior to any surgical
intervention and recreational athletes should consider changing to
a sport that does not involve extreme hip ﬂexion. Atherosclerotic
risk factors should be addressed according to standard guidelines,
but there are no reports of speciﬁc medical therapies for iliac
endoﬁbrosis. Though long-term outcomes have yet to be estab-
lished, it has been suggested that untreated stenosis may predis-
pose these patients to atherosclerosis in later life.25
Cyclists should be advised to reduce the amount of time spent
cycling and to raise the cycle handlebars or bring the saddle posi-
tion forward tominimize hip ﬂexion. Pulling upwards on the pedals
should also be avoided in order to reduce psoas hypertrophy.However, these basic measures often fail to relieve symptoms and
whilst they may be acceptable for recreational cyclists, they may
not be realistic for professional athletes.
Though there is some evidence that endoﬁbrotic lesions may
stabilize when intensive training is stopped,33 surgery is likely to be
necessary for patients that have incapacitating symptoms or wish
to continue the provocative activity.
Angioplasty is not effective in treating endoﬁbrosis. A small
number of case reports and case-series have demonstrated good
short-term functional outcomes, though patients have all experi-
enced recurrence of symptoms within eight weeks.54,55 Only one
report identiﬁed in this review described longer-lasting improve-
ment in symptoms following angioplasty.16 Furthermore, angio-
plasty fails to address any underlying abnormality of vessel
length22 andmay potentially result in dissection of the endoﬁbrotic
segment.22,41
Endoluminal stent placement would also seem to be an inap-
propriate treatment option in endoﬁbrosis as the mechanical forces
inherent to the condition may cause stent migration or fracture
with resultant arterial damage. Stents may also lead to intimal
hyperplasia.45 Nonetheless, Maree et al. did achieve good short-
term results when treating a 46 yr old symptomatic runner with
this technique. At three month follow-up the patient was symptom
free and had returned to full physical activity.46 Venstermanns et al.
also described stenting an endoﬁbrotic iliac lesion in a 25 yr old
cyclist, but outcome was not reported.32 Notably, both of the
patients that had relatively good outcome after angioplasty or
stenting were endurance runners rather than cyclists.
In the absence of any reliable endovascular technique, open
surgical correction remains the mainstay of treatment. Schep et al.
demonstrated that release of restrictive ﬁbrous tissue and division
of any tethering branches of the external iliac artery (especially the
branch to psoas if present) can be beneﬁcial in patients with
abnormal vessel ﬁxation and proven arterial kinking. An advantage
of this procedure is that it can be performed through a small supra-
inguinal incision. Furthermore, the iliac vessels are left intact,
which may mean subsequent complications are less likely.45
However, patients must be selected carefully to ensure that arte-
rial release is not attempted in isolation for patients who also have
signiﬁcant endoluminal narrowing. Indeed, Alimi et al. found
arterial release to be useful in patients with demonstrated arterial
kinking, but only as an adjunct to more formal iliac artery
reconstruction.23
When diagnostic imaging has demonstrated signiﬁcant arterial
elongation this procedure may not be sufﬁcient,45 since hip ﬂexion
Figure 2. Proposed strategy for the investigation and management of endoﬁbrosis.
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abnormally tethered. It is also likely to be ineffective if there is an
endoﬁbrotic lesion narrowing the lumen bymore than 25%. For this
reason, some groups have advocated arterial shortening, with
endarterectomy of the remaining artery as necessary.1,25 This
technique may be associated with fewer complications than other
reconstructive techniques, since it involves only a single anasto-
mosis and no patching is needed. However, there is no clear
evidence to support this view.
Where there is ﬁbrotic stenosis but arterial length is within the
normal range, a more conventional endarterectomy (also termed
endoﬁbrosectomy) may be performed. Most groups then achieve
closure of the arteriotomy using vein patch angioplasty, though
primary closure and synthetic patch angioplasty have also been
described.26,59e61
Some authors have favoured complete resection of the stenosed
segment and subsequent replacement with a saphenous vein
interposition graft.23 Others have described using PTFE or Gore-Tex
grafts when the saphenous vein was too small to be used, but no
follow-up data was presented for any of these interposition
techniques.31,34
Outcome
Though most authors have not published long-term outcomes
following intervention for iliac endoﬁbrosis, Chevalier’s group
(Lyon, France) presented follow-up data from their experience of
over three hundred patients22 (Table 5). In this cohort of symp-
tomatic athletes, 68% were treated with endoﬁbrosectomy, 31%
were treated with bypass and 1% underwent angioplasty. Though
outcomes were not reported in relation to each speciﬁc interven-
tion, less than 3% of the total patient group suffered any compli-
cation (though the severity of these complications was not clear).Mean delay before returning to sport was 2.84 months and 99% had
returned to some level of sporting activity during the mean follow-
up of 53 months. 1.5% suffered persistence of pain during exercise.
Schep et al. have also published outcomes from a series of 24
patients, of which 23 underwent arterial release and 1 had ‘vascular
reconstruction’ (for an elongated iliac artery). At mean follow-up of
9 months, all athletes had improved subjectively and 12 (52%) were
symptom free. However, eight athletes (35%) were not completely
symptom free, but able to resume competition at premorbid level
and threewere not sufﬁciently improved to return to competition45
(Table 5).
Though the overall complication rate is perhaps low, the nature
of these procedures means that when complications do arise they
may be catastrophic. For this reason, surgical intervention e
particularly procedures involving reconstruction of the iliac vessels
e should only be undertaken after patients have tried conservative
measures and carefully considered changing sport.
Discussion
With the exception of a fewmajor groups, most evidence to date
has been derived from isolated case reports and small case-series.
In addition to endoﬁbrosis, the issue of arterial kinking has been
dealt within some detail here since it is heavily implicated in the
genesis of endoﬁbrosis. Though Schep et al. have suggested that
iliac kinking alone may cause ﬂow limitation, they have also shown
that 48% of patients only experience a moderate improvement in
symptoms following surgical release of an abnormally tethered
iliac artery. This would suggest that in these patients it may be the
additive effect of kinking and vessel stenosis that ultimately lead to
ﬂow limitation and development of symptoms.
Though it seems clear that there is a relationship between
kinking and endoﬁbrosis, the exact nature of this relationship
Table 5
Outcomes following intervention for endoﬁbrosis.
Intervention No. of
limbs treated
with each
intervention
Total no.
of patients
Complications Outcome
(across all types
of intervention)
Mean follow-up
(months)
SIGN level
of evidence
Reference
Endoﬁbrosectomy and
arterial shortening
237 334 9 (unspeciﬁed) 332 returned to sport 53 3 22
Arterial bypass with
saphenous vein
110 5 had persistent symptoms
Percutaneous
transluminal angioplasty
3 Mean delay before return
to sport 2.84 months
Endoﬁbrosectomy and
arterial shortening
24 23 0 All patients returned
to competition
e 3 25
Arterial release 23 24 0 12 (52%) were symptom free
8 (35%) had some symptoms
but were able to return to
competition at previous level
9
(range 4e36)
3 45
Vascular reconstruction 1 3 (9%) were improved but had
symptoms that prevented return
to previous level of competition
1 e no explicit outcome given
Endoﬁbrosectomy and
vein patch angioplasty
11 13 1 graft occlusion
1 iliac haematoma
3 restenosis
(requiring repeat
intervention)
12 limbs had no residual symptoms
2 limbs had diminished symptoms
14.4
(range 1e64)
3 23
Saphenous vein
interposition grafting
3 10 of the patients returned
to competition
3 patients chose not
to return to sport
Vein patch angioplasty
(without endoﬁbrosectomy)
6 6 0 5 had no residual symptoms
1 lost to follow-up
e
(range 18e70)
3 37
G. Peach et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 208e217 215requires further clariﬁcation. In particular, focused investigation is
necessary to identify the subgroup of patients in which arterial
kinking may cause symptoms in the absence of any signiﬁcant
intravascular lesion. Wider use of intravascular ultrasound may
provide the answer to this problem and help clarify the most
appropriate intervention for each patient subgroup.
From the studies detailed above, it is clear that whilst there is
general consensus on potentially useful imaging techniques and
treatment strategies, there is no well-established algorithm for the
investigation and management of these patients. In addition,
certain diagnostic tools such as IVUS, crank-torque measurement
and NIRS still warrant further evaluation. The data presented here
suggests that neither clinical evaluation nor any single form of
imaging is sufﬁcient to independently identify iliac endoﬁbrosis.
However, using a number of these in combination can signiﬁcantly
improve sensitivity and speciﬁcity (Table 2).28
Unfortunately, since there is no ‘gold-standard’ imaging
modality that can deﬁnitively identify endoﬁbrosis or arterial
kinking, the true prevalence of these conditions e particularly in
asymptomatic athletes e remains uncertain. The reported sensi-
tivity and speciﬁcity of the different imaging techniques should be
viewed with this in mind. Furthermore, whilst endoﬁbrosis can be
histologically proven at operation,22,23,47,48 ﬂow-restrictions due to
arterial kinking are much more difﬁcult to verify since these are
often functional (rather than anatomical) abnormalities. The minor
intra-arterial lesions that may coexist with arterial kinking are also
difﬁcult to prove since these patients may simply undergo arterial
release, without the arterial resection necessary for formal histo-
logical diagnosis.45
By considering a diagnosis of iliac ﬂow limitation when patients
present with these symptoms, primary care physicians can use
a discriminatory history and physical examination to identify
nearly 80% of those with iliac ﬂow limitation.28 These patients can
then be referred for duplex imaging (including ABPI, inter ankle
pressure difference, PSV and assessment of kinking). Having
established that ﬂow-limitation is present, more detailed imagingcan then be used to characterize the lesion. MRA allows assessment
of vessel length and intravascular narrowing (including common,
internal and external iliac vessels), whilst DSA may be used to
identify tethering arterial branches.23 CT-angiography (with 3D
reconstruction) may subsequently supersede these modalities but
there is currently insufﬁcient evidence to support this.
Surgical intervention should be considered whenever patients
have demonstrated arterial kinking or intravascular lesion and
conservative measures have failed (Fig. 2). Endovascular techniques
should be avoided since long-term outcomes have been poor.
Surgical release should only be used in isolation when there is
minimal luminal stenosis (<15%), butmayalsobeused togoodeffect
in combination with arterial reconstruction. If imaging has
demonstrated signiﬁcant vessel elongation, arterial shortening
should be performed with endoﬁbrosectomy as necessary. When
the iliac artery is showntobeof normal lengthbut there is signiﬁcant
endoﬁbrotic stenosis, endoﬁbrosectomy and patch-plasty should be
performed. Interposition grafting (with vein) is also an option for
these patients.23 Use of prosthetic materials should be avoided.54
Though surgery has certainly allowed many athletes to return to
elite sport, there is very little information on long-term outcomes
or the relative beneﬁts of the different operative techniques, since
no comparative studies have been undertaken. The proposed
treatment algorithm should be viewed in this context.
However, due to the nature and rarity of iliac endoﬁbrosis and
kinking, trials directly comparing interventions are impractical and
case series (with possible establishment of a registry) are likely to
remain the major source of evidence for treatment. By standard-
izing the approach taken by clinicians it should be possible to
gather more uniform data and improve both diagnosis and
management of these conditions.
Conclusion
Whilst iliac ﬂow limitation continues to gain increasing recog-
nition amongst both athletes and healthcare professionals, it may
G. Peach et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 208e217216still go undiagnosed or be treated ineffectively. This is because
when patients ﬁrst present, the differential diagnosis is large and
diagnostic tests for ﬂow limitation lack sensitivity. Furthermore,
the lack of consistent methodology and follow-up data has previ-
ously led to confusion about the best treatment strategy.
With the inclusion of tests that have been speciﬁcally devel-
oped for these patients, we now propose a unifying algorithm for
diagnosis and management of iliac artery endoﬁbrosis and
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